Abstract. We study two topological properties of the 5-ary n-cube Q 5 n . Given two arbitrary distinct nodes x and y in Q 5 n , we prove that there exists an x-y path of every length ranging from 2n to 5 n −1, where n ≥ 2. Based on this result, we prove that Q 5 n is 5-edge-pancyclic by showing that every edge in Q 5 n lies on a cycle of every length ranging from 5 to 5 n .
A graph G = (V, E) is said to be panconnected (respectively, bipanconnected ) if for two arbitrary distinct nodes x and y of G, there exists an x-y path of every length l for d(x, y) ≤ l ≤ |V | − 1 (respectively, 2|(l − d(x, y))) 1 , where d(x, y) is the distance of x and y (the length of a shortest path between x and y). On the other hand, a graph G = (V, E) is pancyclic (respectively, bipancyclic) if G contains a cycle of every length (respectively, every even length) from three (respectively, four) to |V |. A bipancyclic graph G is further said to be edge-bipancylic if for any edge e of G, there exists a cycle C of every even length such that e is in C. Wang et al. [16] showed that Q k 2 is both bipanconnected and bipancyclic, and Q k n is Hamiltonian-connected when k is odd.
Many networks have been studied as attractive topologies for distributed and parallel systems, including mesh, torus (also called a wrap-around mesh), hypercube, and k-ary n-cube. In fact, the k-ary n-cube is an n-dimensional torus with each dimension of the same size k, and the hypercube is a k-ary n-cube with k = 2. Note that a mesh is a subgraph of a torus. Several parallel machines, both commercial and experimental, have been proposed based on k-ary n-cube, for example, Cray T3D and T3E (3D torus) [11] , the Mosaic (k-ary n-cube) [13] , and the iWarp (torus) [2] . In particular, the k-ary n-cube has been one of the most common interconnection networks for multi-processor systems [3, 5, 6, 16] .
Quite recently, Hsieh et al. [7] have investigated the panconnectivity and edgepancyclicity of 3-ary n-cubes Q 3 n . In this paper, we further investigate the panconnectivity and edge-pancyclicity of the 5-ary n-cube Q 5 n which is a more complicated topology than Q 3 n . Given two arbitrary distinct nodes x and y in Q 5 n , we prove that there exists an x-y path of length l ranging from 2n to 5 n − 1, where 2n is the diameter of Q 5 n . Based on this result, we prove that every edge in Q 5 n lies on a cycle of every length ranging from 5 to 5
n . The remainder of this paper is organized as follows. In the next section, some basic definitions and notations are introduced. Our main results are presented in Sections 3 and 4. Finally, some concluding remarks are presented in Section 5. 
Preliminaries

Two vertices u and v
For clarity of presentation, we omit writing " (mod k)" in similar expressions for the remainder of the paper. Note that each node has degree 2n when k ≥ 3, and n when k = 2. Obviously, Q k 1 is a cycle of length k, Q 2 n is an n-dimensional hypercube, and Q k 2 is a k × k wrap-around mesh. In this paper, we pay our attention on k = 5. 
Panconnectivity of 5-ary n-cubes
In this section, we investigate the panconnectivity of 5-ary n-cubes. We first provide some previously known properties which are useful in our method.
Lemma 1 [3] . The diameter of Q k n equals k 2 n. Lemma 2 [16] . The following two statements hold: Proof. We attempt to construct an x-y path of every length l for 4 ≤ l ≤ 24. Due to the structure property of Q 2 Since the index i is not necessary to be specified, we omit it from the notation. Case 5. x = 00 and y = 22. The proof is similar to Case 2 (see Fig. 6 ).
For convenience, we use the notation "u → v" to mean that (u, v) is a bridge between two adjacent subcubes. Proof. We prove this theorem by induction on n. By Lemma 3, the base result holds for n = 2. Suppose that the result holds for the 5-ary (n − 1)-cube. We now consider Q 5 n , where n ≥ 3. We partition Q 5 n along the dimension i into five subcubes [3] , and Q 5 n−1 [4] . We will attempt to construct an x-y path of every length l with 2n ≤ l ≤ 5 n − 1. There are the following two scenarios. [1] such that x → u 1 if y is in Q 5 n−1 [1] . Let u 2 be a node in Q 5 n−1 [2] such that [2] , where u 1 is a node in Q 5 n−1 [1] . Let u 0 = x if y is in Q [2] . Therefore, any path of the specified length can be constructed. Case 2:
Theorem 1. For any two distinct nodes x, y ∈ V (Q
Without loss of generality, we assume that x is in Q 5 n−1 [0] . Due to the structure of Q 5 n , we only consider y to be in [2] . No matter which subcube y is in, we can construct an x-y path by using a routing strategy illustrated in Figure 7 . Note that P 0 is an x-y path in Figure 7a and an x-v path in Figure 7b and c. By the induction hypothesis,
The proof is completed from the above two cases. 
Edge-pancyclicity of 5-ary n-cubes
In this section, we investigate the edge-pancyclicity of 5-ary n-cubes according to the results obtained in Section 3. Proof. We prove this theorem by induction on n. The result clearly holds for n = 1 because Q 5 1 is a cycle of length 5, and also holds for n = 2 by Lemma 4. Suppose that the result holds for 5-ary (n − 1)-cubes. We now consider Q 5 n . We partition Q 5 n along the dimension i into five subcubes [3] , and Q 5 n−1 [4] . Without loss of generality, we assume that (x, y) is in Q 
x forms a cycle of length l(= l 0 +l 1 +l 2 +l 3 +l 4 +5) such that (x, y) is in the cycle and 5
By combining cases 1-2, we complete the proof. 
Concluding remarks
In this paper, we have focused on topology embedding, where a 5-ary n-cube Q 5 n acts as the host graph and paths (cycles) represent the guest graphs. Given two arbitrary distinct nodes x and y, we prove that Q 5 n can embed an x-y path of length l ranging from 2n to 5 n − 1, where 2n is the diameter of Q 5 n . Based on this result, we also prove that every edge in Q 5 n lies on a cycle of every length ranging from 5 to 5 n . Paths (linear arrays) and cycles (rings) are two fundamental networks for parallel and distributed computation, and are suitable for designing simple algorithms with low communication costs. Our results show that algorithms designed for paths (cycles) can also be executed well on Q 5 n . A future work is to extend our result to the k-ary n-cube for a general k.
